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ABSTRACT 



A selenologlcal study by the Jeb Fropulsion Laboratoi’y sho\ 7 s that 

the following elements could be found in abundance on the moon; Fe^ Si, 

Mg, Al, 0, K, Na, Ca, and Hi. M investigation was made to determine if 

the garajua rays produced by de-excitation pf these nuclei, after the in- 

. <. ■ ‘ 

elastically scattering of 14-Msv neutrons, could be used to detei’mine t’ne 

minimum abundance of various elements in a typical geological matrix. A 

general statement can be made that less -than ifi by atom of Fe, Si, Mg, and 

Ni, and less than 4^ of the remaining elements could be measured. 

« 

Inelastic (n,n') spectra are shown for each pure element and some 
excited state transitions not previously reported are suggested. 
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A FEASIBILITY STUDY OF A METHOD TO ANALYZE THE MOON’S SURFACE 
USING NUCLEAR INEL/vSTIC SCATTERING 

INTRODUCTION 

V/hen energetic neutrons ai'e used to UomUard sorqples of material^ 
thx’ee nuclear processes can occui’. These are (l) Elastic scattering; 

( 2 ) Inelastic scattering^; (3) Capture and sul>seq.uent decay. 

The usual sequence of events in the bombardment process is for tlie 
neutrons to make a number of. elastic and inelastic collisions, losing energy 

V 

•with each collision. Each inelastic collision leaves a nucleus in an ex- 
cited state. In order for the nucleus to de-excite to the groimd state as 
quickly as possible, prompt gammas are emitted whose energy is uniquely 

I 

related to the mode of de-excitation. V/hen the neutrons reach thermal 
energies (~ .O25 e.v.) capture tales plate. If the fcapture process results 
in an eiccited state of the nuclide prompt gammas are emitted by a nechanis.m 

I 

similar to that of the inelastic scattering. After a relatively long period, 
dependent on the half-life, the nuclide may decay emitting a beta, gainma 
ray, or both in the process. These gammas are knovm as activation gaminas. 

If one uses a pulsed neutron soufce and defines zero time at the 
beginning of each pulse then a time spectrum of the emitted gammas can be 
plotted, (see Figure l) . Three main featui-es are readily apparent. Since 
the time of arrival of inelastic garamas is only dependent upon the travel 
time of the neutrons from the source to tlie target plus the travel time of 

^ This phenomenon actually results from a reaction process ■'.^hereby a com- 
pound nucleus is fomed. Corape-tltion sets in betw’-ecn different modes of 
decay. Because of the Coulomb bturier, the emission of neutrons is much 
more probkble than the emission of chai'ged particles. The re-emitted 
neutrons cem leave the nucleus in an excited state, so that we obtain 
inelastic scattering, (n.b. Bl- 53 ) 
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C ('tiCT-ofis from the tarjjet to the detector a sharp peaJi will be noted whose 
■'stance from the origin is equiO. to the abca/e time sum and whose width is 
Cx t!ic order of the neutron pulse width. After formation of the inelastic - 
rUy prcduccd rays the neutrons continue to lose energy until 

t;r:-rnlised and are captired. ‘fhis normally requires 10 - 1000 micro- 
icsonds. Therefore the resulting rad.iative captvire gammas apijoar as a 

j'oak extending over this time range. Finally, there is a low steady 
r.tuto level which tends to raise the tvro peals. This "background" is due 
lo: (l) Natural activity of the experimental environment; (2) Remainder of 

radiative capture counts left over from the previous pulse; (3) Ac- 
tivity resulting from the decay of the rsjdionuclldes formed in the bombard- 
ncnt process. By gating a pulse height analyzer so that only the covmts of 
t)iC inelastic peak (plus a few background counts) aa’e analyzed it is possible 
to obtain a spectrum whose pealcs are indicative of the nuclear levels of the 
isotope being bombarded. 

During the past years, considerable work (Da-56, Sc-57; et al) has 
been done in determining the cross-section for (n,n*) reactions for various 
< Icments using pulsed neutron sources and time-of -flight tecliniques. It has 
been noted that the various cormaon isotopes differ markedly in their prin- 
c'gi-l level structure, but have quite similar excitation cross-sections, 

7..1n feature led Dim Cai’lton Schrader and E. F. Martina (Sc-6o) to con- 
clude that since one could determine the presence of an unknoim level in 
a known isotope by (n,n') reactions then conversely one could determine 
t’.c presence of jui urdinoira isotope by interpreting a spectrum of gamma 
from levels in an unknoim sar^jle. Furthennore, since the reaction 
cross-sections were similar, it should be possible to deteimiine the isotopes 
:r.nent end their relative ab-'jndajaces in tlie vufcnoim misc. If the conclijisions 



vere correct reiaote analyniD of matericJ. vrou3.d be possible. In perticultir . 
a payload coudd be designed to sfuni^le the noon's svirface and deduce the 
elements present. Based on this line of reasoning, a study was begun of 
the feasibility of using inelastic scattering techniques to determine the 
composition of the moon's sm'face. Four questions \rere to be answered: 

1) Can the energj’’ levels of the likely constituents be resolved by 
simple methods? 

2) Do the isotopic energy levels have relative3.y similar inelastic 
cross-sections? 

3 ) \7hat miniraim abundances could be determined? 

4) VJith what precision coudd these abundances be stated? 

THE MOON 

The moon, our first sateldite, has been a subject of conjecture 
since man first raised his eyes to the night sky. Ondy recently, however, 
has conjecture been augmented by scientific analysis and experiiaenbatlon. 
While it is possible to formulate reasonable theories concerning the origin 
and physical composition of the moon using telescopes, spectroscopes, radar 
and other obser^/ation tools, the advent of the space age now permits physical 
testing of the validity of these theories. 

Tlie oldest theory of the moon's formation was proposed pliilo- 
sophically by Krait and sclentificadly by LaPlace. linown as the "accretion 
theory", it proposed that a slowly rotating equatorial ring of gas and dust 
coalesced into a single satellite whose size approxijrn.ted the moon's size 
as we lcno\/ it today, liiis theory closely pai’ollels the accretion theory of 
the formation of the solai' system. Tne accreted mass heated up causing 
partind melting with the escape of large quaaitities of steam end other gases. 
Subsurface explosions occurred producing fvinnel- shaped craters (pre-nat'e). 
Later, lava floors covered much o-’’’ the s\u-fi'.oe. Cooling and solidification 



of the interior then took place. Impacting meteorites foimied the post-raare 

craters strevring granitic and meteoritic rubble in great ray systems over 

g 

the sm’face of the moon. The process vas completed pi’ior to 10 years ago. 

The second theory of formation is a fairly recent one proposed by 
George Dainrin in the late 19 th century. In a study of tides and their ef- 
fects^ Darvrin noted that early in geologic history, the earth's daily rota- 
tion of four hours coupled 'vd.th the sun's gravitational attraction produced 
tidal effects every tvo hotu'S which coincided with the eai'th's natural 
vibrhtory period of t\ro hoxirs. From this, he postulated that resonances 
were set up and a large tidal bulge appeai'ed on the surface. Fission oc- 
curred, a moon vas formed and the Pacific Ocean basin vas left as a testi- 
monial to the event. 

Since this could occur only to a plastic sphere (Daiarin assumed 
a liguid earth), isostatic readjustments vould talie place both on the earth 
and the moon. (Splitting of the Anericas from the Fui’-African land mass 

M 

and formation of the Atlantic Ocean basin vas proposed as the earth's ad- 
justment.) On the moon, one vould expect a rather thick granitic crust 
overlying a basaltic core. A cool core vould not be lilcely. Continued 
volcanism and extensive lava beds vould be present. 

The latest theory pictures the formation of the moon as an in- 
dependent event. At some time dm’ing the ages this "meteorite" passed close 
to the earth and vas captui'ed in a slightly elliptical orbit. If this is 
so, then oiie vould expect a typical meteoritic type siirface. 

The above listing of possible origins of the moon pexmiits one to 
make various postulates in regard to the moon's surface. One such aiaalysis 
by Jet Propulsion Laboratoiy (Me-6o) is shovni in Table III. We expect that 
the most abuI^dant elements vould be Iron, Silicon, Magnesium, Aluninun, 
Cfccygen, and Cai.ciuri. Potassiun, Sodius and Ilickel might also be present. 
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TABLE II. THE FOPILATIOIJ OF THE MOON 
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(/ilmudant Nickel voui-d be found only in meteoritic debric.) Purthemore the 
relative amountG of the elements vrou3.d depend upon the {jeologic type of 
surface so that the ratio of abundance of one element to another ’iroxold be 
an indicator of the method of moon formation. 



TABLE III. SFJiillOLOGICALLY EIPORTANT ELE-IENTS 
(after JH.) 



Element 


Concentration 


{it, by weight) 




• 




Fe 


1-5 


4 :- 

15 .. 


Si ' , 


15.0 


35 


Mg . 


0.2 


22 


A1 


0.5 ' ■’ 


12 


0 


ItO.O 


1)8 


K 


0.1 


6 


Ca 


0.5 - 


12.. 


Ha 


0.2 


7 


Ni 


0.002 


9 



Iron - nickel meteorites will contain 90^ iron. 



EOT’RniEIjTilL 
A. Ring Procedure 

Having decided which elements were of interest, work was begun to 
obtain representative spectra so that the principal energy levels could be 
determined. A time-of-fligixt technique f:Lrst developed at this labora.tory 
(Bc- 5°) used. A diagram and photogi’aph of the experimental set-up are 
shovm in Figures' 2 end 3» 

Deuterons, injected into a 350 hev Cockcroft -V/alt on machine, were 
accelerated, swept, and bunched; then deflected onto a thin (o.l mil) tritium 
occluded titaniim target. Short bursts (about 3 -c 10 ^ seconds) of l4-llev 
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neutrons were produced by the reaction 



glle^ + + 17.3 Mev 

ut a repetition rate of 5 mc/cec. Tlie neutron flux (about 3OO neutrons/pulsc) 
was monitoi'ed by counting the alpha particles in a gas proportional counter 
r.ounted in a position 17^1-° vrith respect to the ion beam. Ihin rings were 
placed so that there was a 70° angle betvreen the incident neutrons and the 
detected gararna radiation thereby neutralizing the anistropy of the radiation. • 
A copper attenuator was placed in the line-'of--sight of the target and detector 
CO that neuti’on activation of the scintillator would be minimized. The 
goumia detector, consisting of a cylindrical ,1-3/^^" diameter x 2" Nal (Tl) 
crystal mounted on an RCA-681OA photomultiplier tube, was placed in a lead 
housing whose walls were 4" thick. Refrigeration coils encircling the 
housing maintained the photomultiplier and crystal at a constant temperature 
(l6°C) so that temperature dependent gain variations vrere eliminated. 

Tile detectoi’-analyzer system was divided into a fast channel circuit 
and a slow channel circuit (Fig. 4). The fast signal, taken from the anode 
of the photonuiltiplier, was amplified and used to start the time-to-height 
converter. Tne regularly repeating pulse made by the deuterons striking the 
target was delayed, amplified and used to stop the time-to-height converter. 
The converter produced a voltage which was proportional to the time differ- 
ence between the arrival of the start and stop pulses. By setting the dif- 
ferential discriminator for specific voltage ranges, gates would be generated 
for viewing only those gammas which satisfied a particular time relationship 
with respect to the neutron burst. The slovr signal, take from the 9bh djTiode, 
was suitably delayed, linearly: amplified and analyzed by the gated 256-channel 
pulse height analyzer. 
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Liic lover a.ev'^1 o 
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t. 
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0/ik-< 0-. 



lcC3 tlirj'i 22^ kev uoro not ful>:LLyn^ ... j... cu . ron u.-j u.Tnc't. o 2 

^hic diGoni;;anation on the deed. x.i. n c;J..,:-.d, in'c.. jr -1 diGcrx...l...‘.:or 

cr.d r-CGOcinted ccadcr were includoa in ’c.-o clo'..'- circuit. 1 . G./-itc.iin_; 
coincidence control was used to displs.y ciuher uhe ti:ie spectrum or ^-Ucc. 
tins spectrum to facilitate scttin3 the differenuia_ discri-.inatcr . .1 

third position on the control was used for the run. 

Scalei's at various points in the circuit weru used to co'ont suart, 
slow, and ^ate pulses. The analyzer also had. a scaler output indicatiny 
dead time vrithin the analyzer, and this, plus the inforination from the other 
scalers was used to compute the dead time of the total system. 

A run vras made with the rinys in place to obtain a "siynal plus 
bachyround" spectrum and v.dLth the. r in" removed to obtain a "bachyround" 
spectrum. For each run except 0 :cygen, 2.5 x 10 ^^ neutrons ^.’■ere produced. 

Because of Oxygen's low inelastic cross-sectioh and the desire to reduce 
statistical variation of the triple peal': 5 10^^ neutrons were used in une 

run. j\i’ter the run was completed, the analyzer information was printed out 
on paper tape and the scalers and elapsed time were recorded. Hiis informa- 
tion was transferred to punched IBM, cards, .^n IBM 65O computer was programmed 
to compute the Dead Tima Correction; apply it to both the "background" and 
"signal plus background" information; subtract the "background" from the 
"signal plus background" and print out the corrected signal. 

Tne "Dead Time Correction" i.^as a multiplicative factor deterzdned 
by the computer solution to the eq.uation: 

D.T.C. = 1 + 60/T rid/60 - 2 X IC" Me + 3.5 X 10 Mi v 1.0 IC""^ !k 

\;here T = Run duration time in minutes 

Id ' = iruabce' of couns^ registered in she pulao heighu 
analyzer acod ui...G monitor. 
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lie = Total n-uisber of coxmts In the lacmory core of the pulse 
height analyzer. 

Ns = Kinlber of stall pulses to the time-to-helght converter. 

Ni = Number of slov pulses appearing at the input to the 
pulse height ojialyzer. 



The constants were determned erapirically by measuring the dead times of the 
various electronic components. (A thorough discussion of this analysis is 
contained in Appendix II of UCRL 5596 (Be-59))- 

Bie pi’intouts from the IBM 650 computer were plotted on rectangulcr 
graph paper. The vsriouih spectra are shot-rn in Figs. 7"15* From these the 
most prominent peah of each e3-cmont vas selected and the nmber of inelastic 
gamraas contributing to this peah were counted. G3iis count vas compared to 
the number of counts in the Fe^ peak and a '.'Minimum Abundance Factor" (f) 
was defined end computed using the fo31o\d.ng equation. (See Appendix for 
derivation end definition of tenas): 



F 



IP 





X 




It is assumed that isotopic abundances in a particular element would 
be the same on the moon so that this term is neglected. Since Iron was as- 
signed the arbitrar-y value of 1 the so3-ution of the epucition gave an indica- 
tion of the likelihood of noting the presence of an element as compared to 
Iron. 



B. Sand Matrix Geometry 

If gamma particles are formed deep in a formation^ there will be a 
certain percentage absorbed in their passage out of the formation to the 
detector. The percentage is dependent upon the absorption cross-section 
which in turn is dependent upon tlu’ee principal effects: l) the photoelectric 

effect: Tne incident gamma particl.e is absorbed and another particle 
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^ *-*' I llO.X._L OlLo Ly». O^i.) 4^-' v^^,Oo - . LI' ^ L». jk..j> C^ L — C' • ^ ^ k-*y<,.w'- 

2^ i'-^ Ovi lIc- u i. on * ^iio *. u... cj_- «_ -c *. co^.,s-x. .. ^ — 

Qi* tlio nuclouG ror:iiin/j; an cloconGii-j_^oaj.u-. ^ 1 - - •■” 

troll occura and t\ro 0,51 Mav phoLo.'O arc :..J.u'u . d dix oppoaioc dlr^jolon^ cnu. 
;.’lth oppo^^ioC polai'daationa* ‘inc d.i’-.K.holu Tor dni^ rv^action 1.02 Aj/ 
vidd tlic pair accxuirin^ the rcciaininj; ^ncrjy. (ro ia poaalLl*^ I'or o..-- or 
both Ox dlio 0.51 y^ov ^c^iLnas to bo detect ;d a'C tno caao 'ciiac thao -gIo re- 



cultant photopeal'C ic beinc detected 30 that ie appear 



»-j 



wi2 ol'l' ineJ. 



^aninia ray vrac reduced "by only O.5I Mov or not at odl.) 3) Connten effect; 
fhc gama particle collides i-rith an oroital electron and, depending upon 
the chgIc of the collision, , loses only a portion of its enercy. A broad, 
continuous spectrun of energies up to the Compton edge resxilts. 

Since these seme phenomena also occur in the ci'y^'i^ol, it \’as feared 
that the total effect of the energy degradation vould be large cnoug’n to 
c'.mmp ohe characteristic inelastic pealcs. Because of this and ciLso to 
determine the minimum amOTsnt of Iron, Magnesi'um, and Aluminum that could 
te detected it was decided to mod: -up a formation whose three dimensions 
i.-ere greates* than several mean free paths of a l 4 - 2 iev neutron. Pjny ter- 
restrial ab'undanco table one uses lists 0 :qrgsn and Silicon as the mo-.t 
coisnon elements by far. With this in mind, l 8 C 0 lbs. of a granitic-e;r:e 
send was used as the carrier for the varying amounts of Pe, l-!g, ana liL. 

TfBLE IV. Atomic Comnosition of Cca-rier Sar-dnile 



Element 

Oxygon 
Silicon 
_ '■ luialnura 
_ jti-csium 
Iron 
CciLcium 
Crace 



?e-rccnte 'C W~'- Ale;-;: 

oh. 6 

26.7 

5.7 

1.5 

0.6 

0.5 

0.3 
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,:!■ pli.cCu. ill I. ^ -raodLir. i: _ i ' ;1 ■'.. . 

-^<^lov the nciitrOii sou:.-cc.. ■.*.• c--- . ioi- hoa.ilii^ ^ 

suspC”'^^''^ •:-l/2' aoovc the cuir.'cu. (h .i, i'.._ . ^ .-^ia . 

TiiO detection-cmcLLy:iin:j ■jo.z ideritical to the rd/ij o2 

„,.c expert :ont. Operating procedui'.;.v liLeo identic: J. encept Pen on_ 

..otahle exception. For the "nipyial plu.. Lr.chprouiia" run the j;atin^ eyeten 
vas set on the inelastic petJ'-J oh tlic. tirae opectnua as vac done for 

the rinjG. Ilovcver, since it vould not he possible to rcraove the forxaation 
for hachfiround meacuremer-ts, the t^c-tc vas delayed in tine so that those 
counts ain'ivlnc Just after the pealc vould bo analyzed. Since the activa- 
tion fiarcna cpectrun is nearly constant the cane {^atc ^,’ldth vac used Si^ 
that the neacured back^pcound vac verj'- nearly equal to the bacl:jround con- 
■cributin^ to the inelastic ^onraa peel-:'. 

Po'ior to varying the conposition of the .sand, runs vere nade at 
each of tvo different energy band \ridths’ (0-3 hev and 0-S kev) to obuain 
representative spectra. The vaa*ious elcracnts of interest (Fe, kg, and id.) 
•..are then added separately in increasing percentages ’.■rith runs being raado 
after each increase. The recorded data, consisting of "signal plus back- 
jround", "background" and scaler readings vas transferred to ZZk cards 
cu'id proccsscii as before. 

Tnc printouts, fron the forrsation i.xpcrincnts vcrc plotuca on 
rcctcnjalar graph paper as before. Hcv.-ovv.r, to illus'cratc to the rc>....^r 
-no gro’vch of a pcalc as the elemental percentage vas increased, the ferna- 
tion cur'.'-es for a particular element \rerc nore.aliscd Oitd supcrie.pi-eeu.. .•'iS 
pointed out earlier, Silicon is a very abur.der.t cl-.iesnt in all ter- 
nestrial and metcoritic aatco’icfL. Furthei...ore, since m-o-i, Alvm...u.t., 
and kagnosiun had proninent energy'- pCiics less thaia 2.5 -■hv, it '..'-s decided 
to -asc the 1.78 kev pcalc of Silicon as a b..se for actermining the calibration 



- li - 







■'.A 




^4.' O 0 X i-> U. 0*"* ox 'tliv J.*J ■ 4 TI 4 '* J, ^ X - 4 . 444j.<4J4l 44^ 4.0 J4.' 4 . OX" .’ * XT 44..^ . • •— J. ^44 

xliO :’ollo’,.-l!i^ I.xuuiox-: 

1) .''w Line ropi'cscntin^ the c...' p.. O4.' xl o C^..-;;x.4 .'.-Lx -i-.d 

oontliTuuiP. vas di'm-m Tuidc^.' tiio C.’.., r ,.J. ; TuOi' olij clc ■ 'i'-u.. 

a- • j O **" 

in q_uo2tion. 

2) iTio r.Uinbcr oi‘ tSEumne coiitaiuccl in each pcxJc ■wc_'o counted. 

3 ) k ratio oi the counts in the peed: in education to the counts ixi one 

Ci. rjo peal: vas foraed (Gx/g, .-,o)- dhxs ratio was used as a:.: 

1.(0 1. fu 

abscissa value on a calibration cur'/e. 

4 ) Since the number of atoms of each element used wa.s lUiO'.m, a ratio 
of the number of atoms of the element under Gucotion to the nur.jber 
of atoms of Silicon was fomed (llx/ilg., ). Ghis ratio was used as the 
ordinate of the calibration cxa''/e. 



Eie calibration cur/es for Fe^ /J., and li" shoTrn in Fijs. I9, 

21 and 23. Sts percentages in the parentheses as*e the 'uncertainty in, 
neasurinp the area of each pool:. ‘Elaxs unccr-tainty is due to both the Co -peon 
continuxmi subtraction and the unfolding of contributions by other el^ia-nts 



to the peal: in question. 
xGSUI.lS 

1 . Iron (?ia. 7 *) 



r- 

po 



The line at O.Qk Mev represent:: n 'cneneition iron the 2 Tire-o level 
of Since apparently all cascadee from hijlior Icrols p^Go tlironjh 

this ctatc^ the intensity is not sia'prisin^w The for. ^tion spectre. (Tip. id) 

shcr.-r that a l;i abundance increase ada^ju cheus 5;rOCO co e.ts to the O.dt- . 
It vould not be irrcasonable to enpecs “co acuccu a ^00 ccuivo p^ci: as tl.io 
ener 37 level that one can conclusive 'chuo a uuni^us l..'unlsnce of 0.1/ of 
Pc veuLd be dcoectca- 



“ - 



I 







I 



I'l^r l.'flj *•'. / 






(*- ) 



^* ' xi -* J. ^ .Ox* 



3<_ . Tlic poalc containo up.w’a'da o..‘ coiv.;>^. Uil.^ .o >.l.j 

62,900 couutG of Fc^ for oho, ca:..(j nw.iO^r of n.-u r '.i, tV.z IIo'j..- 

uance Factor vms 0.212 ao that an ahuiidaacc of 0.5 ,j ohould 00 dutccccd. 
rae other peaha chOTO in Fij. 8, arc due to trcr.oitioaa in 



3. Macneaium 



2h + 

Ihe first excited level of Mg is at 1.37 '--'v (2 ) and produces 
the intense peaic seen in Fig. 9- ^ addition peaks are found at O.oB hev 



2^1* 2o 

and 1.82 Mev and are due to the 5*1 -> 4.2 Mev Mg ' transition and Mg first 
level transition respectively. Sac principal pca!i coxuit was 25,900^ ■ givirr 
an "F" value of .342 so that a 0.3 ;j asundance should be defected, rsiis is 
confiraod by the forsiation spectra whes'c a I'll increase in abur.dos'.ce aaded 
1,700 counts to the 1.37 pcelc (Fig. 20 ). 

In the actual analysis, the 1.37 p&sl: is s_.sared by the conuri- 
I'ution of the abundant Si 1.28 Mev pea::. Standora proecd'ure ■'.ro'uld be to 
^che the spectrun of Si alone (obtained fs'on the ring experinenus) , end, 
using a computer, normalize to the prominent 1.73 Mev peelc and subtract 
the entire Si^ contribution. 



>-27 

iron Aj. pro 



'G«hLu.C,Cis 



t. /lunlnun 

'The inelastic scattering of l*r-lhv n_uurcn; 

1.01-, I.77-, and 2. 20 -Mev gaiSa.a rays (Fag. 10]. It has bv_cn ccnclud_u 
by all investigators that the 1.01- a.ad 2. 1C -Mev ^av.. a sajs ai'e pri^dus^.. 
by sccorhl and third excited state transitions to the ga-ounl strc- ru^- 

bc._n svgg.-stcd by MsrgUx (Mc-J 8) 



..actively. Hie 1.7'7-bhv ga:r-a rs.y h. 
so Oa vxue to a 2*73 1.01—*--’/ urans— ..aon. 

s'-.c and the lack of sycu-ctr;/ of tho p'.ac’sop- 



s ' xjj. ^ o. - 









It - 



- ji, Liic.o oi ‘ ■ L ». ' i 'i c. j.. J-. .■ \,' ^’: j Jc 1— 

X • 01 i'lCV j. oXOil ( 1 LtCj. i, vu^J. C ■jTLi. ijCllCIt*;) X —’ / 

• .'.0l/0'‘''0all 0C'iu_^)uOll CU.^0 CililJQlCL, ii. ;lL . 

Go cvidoncc vrac rcond I'ur a O.dv-.'iOV ray "bud tXiC rd.OvOac'dc ’./’cC 

.a’obably naalccd by the Compton cd^e od tno 1.01-Mov y.oaraa ray. 

■jjne 1.01-Mov pliotopccd':; becauoe od its abundant co'cjrt, uotu-d be ideal 

for calibration purposes, ilovcver^ id a lai'^e amount of Silicon is Tjrcsent 
29 

the Si O. 9 Q gamma ray vill mash the A1 contribution. Therefore, the 

2.20- Mov transition vas used for calibration. There vere 8,700 couatc and 
the factor vras O.Oif-7 indicating a niniiaum amomt detectable of 2p. 

Pron the formation spectra a 2ffo increase in /I added '^kO counts to the 

2.20- liov phot ope ale, thereby confirming the calculation. 



O-nygc 



EMOjerimental results up to 1959 on the 
Gvmmarised by .*jsenberg and Lacritsen (/^j- 59 )* 
Ux’ation of this nucleus predicts a first level 



0 nucleus have been 
The doubly-magic config- 
of scro spin and even parity. 



Decay is by emission of nuclear pairs. 


The 6 ,l-!-Kev second 


c::cited state 


to grand transition vith its associated 


pair (5 *12 Mev) and 


pair plus one 


(5.63 Mv) energy pealcs is observed. Four' other peels 'are : 


toted attd assigned 


as follovs: 


/ 




(Kov) 


Transition 




3*^5 


9 ♦ 04 C • ]. V 




2.73 


3.37 6.11- 




2.22 


11.08 -> 8.37 




1.95 


8.07 6.91 




1.72 


8.37 7.12 





- lo - 



my. 





I’l X*t/j 1 kyllO JL On Ox 0 p i i Oa u. ' ' C< -- o»L 



J.. ./. 



J. AJ. 



nX/.-J 



.. x'a .. -x O- 



^ ” 1 ^ X* C O * ' X C ju Oil O < jL ^ X O n X x”l Oj- *.• “" *■ 

„-:Xj .-X (5-1-, i>.o3, o.X;- .'Ov) cc. ii:. 

•:,.:uccd 1"[,CD0 coiuitG in tliic trii -'.uo ‘’’o-' , 

(5 X 10^). lloVi,vcjV f uincc u, 'ovioi i, ic ,'r,f‘. r,i'".co 'o- '-’ ■ 

i-'cr. of tlio detection. cy;:;tcn incroa.^ec the oacc lcn 3 cli of tho ycX: a; I'. 
cr.crcicS; the niniauia acceptabla end dotcct^hlc niJifDor of coxjxtz veo in 
croo-oed by an order of magnitude. With this adjusted mirfber of couTits 
ecHDUted rdniniuai ahvindance vas 3‘Tp and_, indeed, is veil belov tne expected 
^leir.un lunar abundance. 



u-.e 



6. Potassiun 

Very little (n,n*) e:ipei'iiJientation on the stable isotopes (93^^) 

(op) has been reported in the literatue-e. A Los fdanos ^roup 

(li-57) noted levels at 2 . 52 -, 2 . 81 -, 3*05-> ond 3.59-’-2v reprosentin" the 

39 

first fo'cr excited states of K . 

Bombai’daent of natured Potassiun by iXl-lev ncuurcns for this eirperi- 
•„:at produced 2 . 52 -, 2 . 81 -, end 4.10 -Mot gea-ana rays; believed to be pre- 
dc.dnately direct transitions fron the associated level to the crovnd level 
Ox (Pid* 12. insert). A strong photopcch ■'..'as observed at 2.15-hev and 
ix acsldned to a ^-i-.68 -» 2.53-2fev -eranoieion. fne O.j3-l'ov jxria rcy is 
assigned to t'ne dc-e>:citin 3 of th.e fourth level of If"' (3.60-X:v) via t'ne 
^i.cond level ( 2 . 82 -Xev). Srere was no indication of (n,n') acatterinj by 

I T 

(isotopic abundance 6 . 91 /^) • 

The 2.15 IIgv photopeai: contained 6,000 counts, living F - 0.10 so 
tliat l^j of Potassii . ' ould be detected. If S2. is prcsenc in -.dcuable 
xr.ounts (>1^^), as is usually the case, uhe pe*h •\-ould b^ crd.ar.ced but cr. 
'uifoldin^ by u. computer ^roudd resolve the veerioue conuributions . 
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!I*l.a princi-ocJ. C:\icii:.. ,/ ') 1 I* * '--i 

‘ic niAcJ.cu.v.« • .1^.10^ Co. oi o bi'^v*iLi_’o 'u- . i* u l cv ' ■ - ’ '•*' 

c.^Ji 01^3^ occiu' uy nuclcai- pair c;.i..riv_>a- ral^ co'^xr...^(l Ly u..-. 
o: t].c r-uirlli-.lation radiation (0.51-:i^/). •-■*.o nv..;^cr ci lo.;or un^rj/ 

traiicitiono (0.77-_, 0 . 89 -, l.l6-iLv) ic curprici.i^ tub t!.c cpcctruci ic cii.dla; 
to that roporood ty R. L, Day (Da- 96 ) i/to ivotritutoc tlic i'irct tvo oa^x'jicc 
to (n,pS7) reactions and the last energy to a Ca’"''' first level dc- 
e>:citation. A fou’th peal:, not previously reported as of 1959, appeorc at 
1.64-Mev and a^p/ees remarhatly well irith the 1 . 639 -Mov foui’th eoxited state 

i|0 

of K. . 

• The 0.77 garna ray peel:, containins IS^-OCO counts -vac selected for 
the nininun atundance factor calculation. IZhesc are sufficient counts to 
expect a ninirsum of 1 . 2 ';i Ca would to detected. Lc-jcvor, fe is usually foued 
visa Ca is present so that the and i/ould rer-e and a computer 

solution siEilar to that outlined for l-asnesiua would he necescariu 

3. Sodiuu 

Previous (n,n') investigators (l-Io-po, and others ) of Pa^^, the only 
sta’Dlo Sodiun isotope, have reported 0.88-, 0.6I-, and 1 . 68 -Mev 3„-_aa ravs. 

P;o oth^ • "ama rays were ooserved (Pis* 1^.-) to which loyical trancitionc 



(Xov) 



0.99 



1 oc\ 



t.r ^ ■ : 8>i uXOil 



3-63 -> 2.70 :hv 



X 2.39 Pay 



• r • • 



n:e vi.. uhi :;r-^ first lu'/cl. 



Since . Cxiy hiyhor Ir/cls efuen b. 

Ole 0 . 81 ^ pea.: ic inucnse and, indu^v.., -cr_..rr' f” e~. hr-". . .u-acion t..e 0.51 
annihilation p_h!:. . 3 ccau.ee of thi.. cclipcc, b..o 0.c3-:h\- p^'-f; v>j v....! uo 
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o Cus^' L/v_.'C l/*.'.T^!1,o' ,u. * i.'^ ^ * ■' ^ ->»n 



wlica cro^jiidaiit Im iJ roLuxvx aVa:'.-.. ui.. d :-/l j 1 .., : ta:. 



i:otor^o Iv ita principcil pi,a2: i'.a:.r 



[O .C'^-'-.s/) r__.vI’o.-c_ 
:.cr.t vould orfce Txlaco. Tuc exact l.a •..Va..j.reicc vo'a.lL. t'r.cr. oc oLtair.ca ty 
't'Jic 1.29-Mev pcoJc axocr ■unToldinc: the corxtrj.Luti.on of Zl. 
oohcj,’ deicoa'fco . 

9 . lliclcel (Fie. 15) 

(So 

Fatui'al K1 hao two aoundant icotopcc^ Hi'' ( 6 "] .Q'/j) and HI (26 
both of which contx’ibutc aieiiificantly to the inelastic opectrisn. Tiic 
1.01-, io3“> snd 1.^5-1'Ihv inelastic carx-io. rays have been obocr’/cd and 
reported by others (lvi-5^ j Da-56 , Si-56) . The rc’aainine cnereies ai'c 
sentatircly assiened as follows. 



(Mev) 


Transition 




Iz 


O.il- 


2.90 2.i;6 


luOV 


1 


0.65 


3. 1.-2 - 2.77 


il 3 Y 


Hi' 


1.17 


2.50 -> 1.33 


I'lev 


hi* 



58 



io poeli was observed at O.83 llcv (Da-56) but this en^rjy was probably 
tmehed by the 1.01-Mev saiana s’ap'- C'onpoton ede-- 

The most suitable encrei'' for detectir^ 2Ti vcvJLd be thv, firsx c-:: 

IT Q 

cited state transition of Hi^ (1.^5 Hev) since this is W..11 Sv^ccr asul 
h'on the 1.30 and l.CO enercieo of Si^ My_, and F<_-. Iron the coxcits i.. 
die pcciij Z"/j Hi should be detected (F = O.ll). Hewevur, auch abundsacc 
'.iicp.el \ 70 uld orJLy ce prooent id ccn..-.idw'dblo .OcUdu^ o 2 

;^^wdC*an.cc cd 

icdci’c; ch_j.''actcriGoic enerjicG in 'cdo inol^, die cpccni'dn '^roidLc. be 
. C112 evidence dor luiacr ernter fori^h.-Licn by ? .e'ccorluv-o- 



.^-ccoritic debrio vere GC^:.tterod i.bout^;, k>o “onw..d dn^ c 
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X ^ ^ V.ui tV-L — kJ jL C^.]. 



-y 



...c 



cr-nj 'ooci 



iniaucc iG f'caGi’blo. I, ■ 



-U. VvJ. ' - s/i 



r.al ,.cic G-.'.wi’ 
■' j’olC’vyL 



7~15) 2ho\rG tliab^ ia jcr.cral;, c.. . :'gc : 
clc-i-ivc liOG a unique cnei'^r when con;pc:.n.u to ti „ ■_u'G.'J.;icnt oi 

the othcx* abundant clcricntG. Pui’thcraono^ oyten ncnGadizlnj th.^G'_ OGCCtra 
(as peut or the 'dllnisiua Ahtuidance Pacton’' calciiiation) the coutigg in c..ch 
sroninent pcalc were equal within an crdei- of nasnibude^ and therefore 'che 
inelastic crocs sections for the production of thece ^ama rays arc cenpar- 
able . 

The minimum abundances that could be actected varied fron 0.1(j 
for Iron to 3*7^ ror Onycen. A Guioriary ic sho'.m in Table V. Abundance 
»_ 3 asurcnciro precisions have been detexvninod for Fe, Mc_, and fl. Since 
those values are dependent on Compton continuum base line selection oiid 



xpectra rnfoldins techniques, the point of intercut on the parti 
calibration curte should bo consulted. 






■’■C:G:oiijrc:!i-n^iTS 

I a.i {prateful for the purpose and diruction shovm by Fr. Curlton 
D. Schrader ■..d.thout whose superarision and advice uhis \Torlz could not hwv'O 
Iccn done, and to Dr. Hans Marl: \rhoze continuing enthuiia,su and inucresu 
a soiurce of inspiration. I are indebted to Messrs. Bernard Hoop), Constv^auinc 
Chclly and .brthur Millions who assistcu. drnins different pohascs of the suudy 
md especially to Douplas McMilin who pro jr^n —:d the Ml.! 63 O co-rut:uic:'.s . 
.articvMcr nention should be nade of Ins. doama I'nifor who nr^pn.’cd ulre 



various fiy’.nuo ar 



■ eon 



Finally, x uc'uld liliu to enpress ny 






to Chief Opel ator Roy V. Cedarlund ai'.d his able alsistoircs 'uho so cc.i- 
-nilp'- operated the Cochcroft-Malton Accelerator. 
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t- .LiiC'vj X G i.»-> Hu \j oc l'/ ^ ’ j . ' ' 7 ' • * 
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